women between the ages of 10 and 50 year-old have the potential for pregnancy; therefore this condition must be taken into consideration when awoman is examined in the Emergency Room after sustaining at raumatic event. Pregnancy produces significant physiologic and anatomic changes in everys ystem of the female body.T he evaluation of the traumatized pregnantpatient, the approach, and the interpretation of the diagnostic tests results must be accompanied by the full knowledge of all changes that take place during pregnancy.
ported nearly 50% of maternal deaths related to trauma. From 6% to 7% of all pregnancies arec omplicated by trauma, and 0.% patients requirehospitalization for the treatment of injuries (2) . The actual number of injured pregnant women is underestimated as many of them areunreported, especially those due to domestic violence.
It is essential that all professionals specializing in treating trauma patients recognize and area wareo f the anatomic and physiologic changes that occurt o pregnant women and how these changes can impact the evaluation and treatment of this unique patient population. Complete evaluations of these patients include the assessment of the fetus in order to save the pregnancy.
II NTRoDUCTIoN
In recent years trauma has been considered the leading cause of death during pregnancy.F ildes (1) re-
II HISToRICAL PERSPECTIvE
The oldest known cases of traumatic injury on pregnancy arereferenced in the Code of Hammurabi (15 th centuryB C) (3) and the old Testament (Exodus 22 :21) . Penetrating injuries to the gravid uterus have been observed sinceantiquity when injuries with objects such as spears, sticks, and animal horns were described. The famous militarys urgeon Ambroise Paré, was the first to describe the treatment of penetrating injuries to the uterus. Paré wrote: "When the womb is wounded,the blood cometh out at the privites, and all other accidents appeared…" () In medical literature of past centuries, the issue of trauma in pregnancy received moredetailed interest. The earliest papersd escribed cases related to falls, battering and assaults (5), but as the society become morei ndustrialized the clinical reports focused on motor vehicle collisions and penetrating injuries.
III EPIDEMIoLogy
The Center for Injury Research and Prevention in Pittsburgh, Pennsylvania, has published an excellent epidemiologic 1-year study which included all women who wereo fc hildbearing age, and required hospitalization for injuries. of the total 16,722 women, 761 wereidentified (4.6%) as being pregnant(6). The most common causes of injury werem otor vehicle collisions (33.6%), falls(26.%), and poisonings(16%). Injured pregnant women had am ean age of 2.9 years. The same author reported a3 -year study in which 20 traumatic fetal injury deaths werei dentified (3.7 fetal deaths per 100,000 live births) (7). Motor vehicle collisions weret he leading trauma mechanism (82% of cases), followed by firearminjuries(6% of cases), and falls (3% of cases). Traumatic injuryrelated fetal mortality was reported by Weiss (8) in a 2-year study with datafromonly one state, wherehe found 7,131 fetal deaths of which 31 traumatic injury cases wereidentified (6.5 fetal deaths per 100,000 live births). Motorv ehicle collisions weret he leading cause of injury (81%) and placental separation was the leading diagnosis(2%). Again, the younger pregnant women seemed to be at higher risk, with amean maternal age of 25 years.
Morer ecently Leggon et al (9) reported avery extensiveliteraturereview from 1932 through 2000, including 101 pelvic anda cetabular fracturesd uring pregnancy.T hey found that the average age of the women was 25 years, and associated maternal injuries werenoted in 60% of the patients. The most common mechanism of injury was motor vehicle collisions (73%), followedbyfalls (1%), and automobilepedestrian collisions (13%). The overallm aternal mortality was 9% (9 of 101), and the overallfetal mortality was35% (35 of 101). They stratified the mortality based on the mechanism of injury and found that the automobile-pedestrian collisions wereassociated with 27%( 3o f1 1) maternal mortality and 5% (5 of 11)f etal mortality.M otor vehicle collisions werea ssociated with 6% ( of 63) maternala nd 37% (23 of 63) fetal mortality.F alls werea ssociated with 0% (0 of 12) maternal and 8% (1 of 12) fetal mortality. They concluded that automobile-pedestrian collisions had as tatistical trend for higher maternal mortality, and vehicular collisions had ahigher statistical trend for higher fetal mortality.
young pregnant women area lso at high risk for battering. It has been reported that 10 to 30% of women area bused during pregnancy, and 5% of cases involving abuser esult in fetal death ( 10) . Physical abuse is suspected when the injuries are located proximal and in the midline rather than distal injuries. Abuse is suspectedw hen traumai se vident to the neck, breast, face, upper arms and lateral thighs, as well as bizarreinjuries like cigarette burns and bites (11) . Because domestic violence is associated with a wide range of psychological, psychosomatic,a nd physical conditions,t he diagnosis requires astute clinical skills. The most common symptoms associated with domestic violence areh eadache, chronic pain, gynecological symptoms,post-traumatic stress disorder,a cute and chronic injuriesl ike those described above, and substance abuse, among other conditions (12) . An estimated 33% of abused women have anxiety and depression, and 26% of female suicide attempts areb yw omen experiencing interpersonal violence, but this number is underestimated as these injuries areunreported, especially in the pregnant population.
Iv ANAToMIC AND PHySIoLogIC CHANgES
The initial assessmentand management for resuscitation of the injured pregnant patient area lways the same as non-pregnantp atients, although the anatomic and physiologic changes during pregnancy may alter the response to the injury.Itisessentialto understand all the changes that occur during this period in order to provide appropriate caret ob oth mother and unbornchild.
A) CARDIovASCULAR SySTEM
The plasma volume begins to expand at 10 weeks of gestation.T he increases in estrogen, progesterone, renin and aldosterone contribute to expand the plasma volume up to 5% of pregravid levels, as the tubular resorption of sodium increases, about 950 meq of sodium and an additional 6to8liters of total body water arer etained (13) . This hypervolemic state is protective for the mother during the potential bleeding from an injury, andprepares her for the bloodloss during vaginaldelivery (500 mL) or cesarean section (1,000 mL). This state is also known as "physiologic anemia of pregnancy, "and in late pregnancy,ahematocrit of 31-35% is considered normal. Because of the increase in plasma volume, the pregnant patient may lose 35% of blood beforeexhibiting any sign or symptom of maternal shock, giving afalse sense of security. The whiteblood cell increases as high as 25,000/mm 3 during labor.The coagulation factors and fibrinogen areincreased, and the fibrinolytic activity is reduced, which results in ah ypercoagulable state which re-sults in an increased risk for thromboembolic events.
The pulse rate also increases gradually 10 to 15 beats per minute throughout pregnancy, mainly because the diaphragm becomes moreelevated secondary to the uterus and results in alateral displacement of the cardiac apex, reaching the maximum by the thirdtrimester.The mean blood pressurelevel by the first trimester is 105/60 mmHg, 102/55 mmHg for the second,a nd 108/67 mmHg by the end of the pregnancy.A ny significant elevation may indicate pregnancy-inducedhypertension.
By the end of the first trimester,c ardiac output increases by 1.0 to 1.5 L/minute, which represents around 25% above the normal value due to an increase in plasma volume and decrease in vascular resistance of the uterus and placenta (1) .
Therei ss ome point that will be worth emphasizing, and that is the maternal position during the second half of the pregnancy.W hen the patient is in supine position, the inferior vena cava (IvC) is partially obstructed by the enlarged uterus, thus thereis ad ecrease in blood return to the right side of the heart, resultinginadecrease in cardiac output, causing the "supine hypotensive syndrome," which is characterized by dizziness, pallor, tachycardia, sweating, and hypotension. This condition is relieved when the patient is turned to the left lateral decubitus position.
B) RESPIRAToRy SySTEM
As aforementioned, the diaphragm rises approximately cm and the diameter increases by 2 cm (15), secondary to hormonal effects and from mechanical pressurec aused by the enlarged uterus. These changes should be taken into consideration when thoracic procedures arebeing performed.
The most notable changes in pulmonary volumes and capacities arethe minute ventilation. It increases primarily because of an increase in tidal volume, as well as ad ecrease in functional residual capacity (FRC) due to ad ecline in expiratory reserve and residual volumes. The arterial partial pressureo fo xygen (Pao 2 )s till unchanged, with ad ecrease in the partial pressureo fc arbon dioxide (PCo 2 ), with a compensatory decrease in plasma bicarbonate levels (16) . Because of the reduced FCR, the pregnantp atients do not tolerate apnea well, and the supplemental oxygen is always indicated. C) gASTRoINTESTINAL SySTEM gastrointestinal motility,intestinal secretion, and absorption arei nhibited because of increased levels of progesterone and estrogen during pregnancy.Inaddition, the lower esophageal sphincter is displaced into the thorax, and decreases its competency (17) . Therefore, it should always be assumed that the stomach of apregnant patient is full, and gastric tube decompression is indicated in order to avoidaspiration. As the uterus continues to grow the small bowel is displaced laterally and superiorly.
D) RENAL SySTEM
The renal system also is affected during pregnancy. The earliest changei sa ni ncrease of the glomerular filtration rate and the renal plasma blood flow by 30% (18) . At the same time, thereisanincrease of the creatinine clearance as well as a marked fall of the serum levels of creatinine and blood urea nitrogen (BUN). As the uterus becomes larger,the ureters and bladder arecompressed, resulting in hydronephrosis and hydroureter; thus, adilated collecting system in apregnant patient is normal.
E) ENDoCRINE SySTEM
The pituitarygland increases approximately 135% its original size (19) . Shock mayc ause necrosis of the anterior part of the gland, causing pituitary insufficiency or Sheehan's syndrome.
F) MUSCULoSKELETAL SySTEM
The softening and relaxation of the interosseus ligaments during pregnancy increase the sacroiliac joint and make the symphysis pubiswider by to8mm. Because of these changes, thematernal centerofgravity is disrupted and the pregnant woman attempts to compensatew ith al ordotic posture, resultingi na n increased risk of falls.
g) NEURoLogIC SySTEM
Intracerebral hemorrhage is the most common cause of death in patientsw ith pregnancy-induced hypertension, and becausei tc an produce seizures, it may mimic ah ead injury. It should be suspected when hypertension is associated with hyperreflexia, proteinuria,and peripheral edema.
vA SSESSMENT AND MANAgEMENT
Prehospital personnel must be awareo ft he physiologic changes of pregnancy.Inparticular,the importance of providing supplemental oxygen for preventing maternal and fetal hypoxia, and to give intravenous fluids liberally during transport of these patients. Because of the increased intravascular volume, these patients can lose asignificant amount of blood volume beforet achycardia, hypotension, and other signs of acute blood loss occur.Inorder to avoid supine hypotension associated with the uterine compression of the IvC ( 20) , patients in the second or thirdt rimester of pregnancy should be transported on abackboardtilted to the left, paying special attention to the immobilizationofthe cervical spine. If the patient is in asupine position, the right hip should be elevated to6inches, and the uterus should be displaced manually to the left side (21) .
The priority for treatment of an injured pregnant patient remains thesame as that for the non-pregnant patient.T he primary survey includes the airway, breathing, and circulation (ABC), including volume replacement and hemorrhage control, being the mother who receives treatment first.
The secondarys urvey consists in obtaining the obstetrical history,aphysical examination, and evaluation and monitoring of the fetus. All necessary films should be taken, regardless of the pregnancy. Comorbid factors such as pregnancy induced-hypertension, and diabetes mellitus, shouldb ek nown in order to provide proper treatment. The obstetric history includes previous episodes of preterm labor, placental abruption, the date of the last menstrual cycle, expected date of delivery,a nd any problem or complications of the current and previous pregnancies.
The abdominal examination is critically important, as well as the determination of the uterine size, which provides an approximation of gestational age and fetal maturity (Figs 1and 2) . Adiscrepancy between dates and uterine size is suggestive of uterine rupture or uterine hemorrhage. Uterine ruptureissuspected by findings of peritoneal signs but abdominal examination is sometimes difficult; other findings include abdominal palpation of fetal parts due to extrauterine location, and inability to palpate the uterine fundus.
Thereare six conditions that indicatethe acute status of the pregnancy (22) , and assessment of the pregnant patient must confirm or rule out the following:
1. vaginal bleeding: it can suggest prematurecervical dilation, early labor,p lacental abruption or placenta previa. 2. Rupturedm embranes: prolapse of the umbilical cordc an occur,r esulting in compression of the umbilical vein and arteries. 3. Bulgingperineum: caused by pressurefromextrauterine located parts of the fetus. . Presence and patterns of contractions: their presence is important, so preparation for an eventual and early delivery can be made. 5. Abnormal fetal heart rate and rhythm. 6. Kleihauer-Betke (KB) test: is used after maternal injury to identify fetal bloodinthe maternal circulation (fetomaternal transfusion).
vI RADIogRAPHIC ExAMINATIoN
Indicated radiographic studies should be performed as it is for non-pregnant patients (Fig. 3) . Although thereisanexisting concernabout radiation exposure during pregnancy,t he benefits outweigh the risks. However,unnecessary duplication of films should be avoided. Thereare three phases of radiation damage related to gestational age of the fetus (23) . Beforet he three weeks of gestation, duringpreimplantation and early implantation, exposuret or adiationc an result in death of theembryo. Between3to16weeks of gestation, during organogenesis,radiation can damage the developing fetal tube,r esulting in anomalies in the central nervous system. After 16 weeks, neurologic defects arethe most common complication (23) . Prenatal radiation exposuremay be associated with some childhood cancers (2). 
vII ABDoMINAL EvALUATIoN
Evaluation of the abdomen in the pregnant patient may be challenging. Specialattention shouldbeconsideredwhen thereisapresence of one of thefollowing: rib or pelvic fractures, unexplained hypotension, blood loss,h ematuria, or altered sensorium due to drugs, alcohol, or brain injury.
Adiagnostic peritoneal lavage (DPL) can be done safely and has the same sensitivity as in the nonpregnant patient. DPL should be performed above the umbilicus using an open technique. Abdominal computed tomography (CT) scanning can also be done safely with an evaluation of both mother and fetus, but the patient must be hemodinamically stable. Focused abdominal sonography for trauma (FAST) has amajor role in the abdominal evaluation because it can rapidly detect intra-abdominal and pericardial fluid in the mother as well as the general fetal condition.
vIII MECHANISMS oF INJURy
Certain differences must be recognizedinthe gravid patients. Seventeen percent of the injured pregnant patients experience trauma as the result of another person, and 60% have repeated episodes of domestic violence (21) .
A) BLUNT INJURy
Non-operative management of solid abdominal organs is performed successfully in the pregnant patient in stable conditions.onthe other hand, unstable patients or those with intestinal injury likely benefit from early operative treatment, as hypotension and sepsis can be harmful or even lethal for the fetus.
The most challenging injury during pregnancy is the management of the pelvic fracture. Hemorrhage from dilated retroperitoneal veins can cause massive hemorrhagic shock and death (25) . Pelvic fractureis the most common cause of fetal death with af etal mortality of 25%. In non-pregnant patients,p elvic angioembolization is the usual treatment, but the dose of radiation exceeds which is considered safe during pregnancy.
Theabdominal wall, uterinemyometrium, and amniotic fluid act as acushion to direct forces from blunt trauma. The most common cause of fetal death is a condition named placental abruption,due to anoxia, prematurity,o re xsanguination. The manifestations includev aginal bleeding, abdominal pain, uterine tenderness, and contractions (26) . one of the most seriouscomplications associated with abruption is a condition of disseminated intravascular coagulation, caused when the thromboplastin from the placenta goes into the maternalcirculation.
B) PENETRATINg INJURy
As the uterus increases in size and expands out of the pelvis, it becomes the target much moree asily (Fig-ures -A through -C). Due to the thick density of the uterine musculature, it is able to absorb the energy from low-velocity penetrating injuries, which makes maternal death very uncommon, unless the injury is in the upper abdomen, which carries severematernal damage. Up to 60-70% of the fetuses sustain injuries after abdominal gunshotwounds, and unfortunately, 0 to 65%ofthem die (Figure5) (27) . If the bullet has penetrated the uterus and the fetus is viable, cesarean section is indicated.
Ix PERIMoRTEM CESAREAN SECTIoN
Fetal viability is defined as 26 weeks of gestation, which corresponds to af undal height halfway between the umbilicus and costalmargin. The cesarean section at this stageisindicated after maternal death, as the fetus has 0-70% chance of survival (28, 29) .
Another very important factor is the time between maternal death and delivery. If the C-section and delivery aredone in five minutes or less, it has an excellent probability of survival. As the time increases, the chance of survival becomes moreunlikely (28, 29) . one important technical approach during the Csection is to make avertical midline incision through all the layers into the uterusasthis is safer,faster,and avoids the high risk of adding mored amage to the uterine vessels, as the trauma surgeons arenot familiar with this kind of procedure.
xC oMPLICATIoNS one of the most lethal complications associated with 80% maternal mortality is the condition known as amniotic fluid embolism, which together with pulmonary thromboembolism remains as the leadingcause of maternal mortality in the United States (30) . Besides the hemodynamic instability and pulmonary compromise, these patients may develop minor alterationsinthe platelet count or disseminated intravascular coagulation.
Thromboembolic episodesremain as the most common cause of morbidity and mortality during this stage.The pregnancy is ahypercoagulable state due to the increased levels of fibrinogen and coagulation factors,and the decrease of fibrinolytic activity.
xI PREDICTINg FACToRS oF oUTCoME Therea re several factors associatedw ith risk to the fetus (22) . The most common factors are: Injury prevention deserves specific attention during pregnancy.T he first area of prevention is related to the use of drugs and alcohol. The use of these substances is not only harmful to the fetus, but also happen to be associated with high risk of injuries. In the same context, domestic violence is becoming amajor cause of injury during pregnancy (10) . one study noted a1 7% prevalence of physical or sexual abuse during pregnancy,with 60% of women having two or moreepisodes of assault (11) . Interpersonal violence is not dependent on race, age, marital status, or socioeconomic status; thereforeall pregnant women are potential victims of abuse (31) . 
